It is legitimate for the reader to ask why a distinction is made by this book between the terms 'interactive information retrieval' and 'information retrieval'. Surely, in the current context of information seeking through web search engines, it is clear that information retrieval necessarily involves some form of interaction between searcher and system. An answer to this question lies in the early history of computerized information retrieval systems, especially in their evaluation as carried out by different disciplinary groups.
of documents, and retrieving them from document collections. The characterizing of the documents was understood as indexing them (on the example of traditional library and documentation practice), and their retrieval was construed as the characterization of an information seeker's information problem as a query put to the collection, couched in the vocabulary of the indexing language. The method of indexing the collection, the organization of the collection, and the method of querying and searching the collection thus became known as an information retrieval system.
Substantial research in the evaluation of information retrieval systems began in the late 1950s and early 1960s, in particular at Western Reserve University in the USA, and at the Cranfield Institute of Technology in the UK (although at Cranfield the computer operations were simulated). The most immediate question arising in the evaluation of these information retrieval systems was how to establish criteria and associated measures according to which they could be evaluated. To this end, it was necessary to define some objective goal that the information retrieval system should achieve. It seemed clear to researchers at that time that the ultimate goal of usefulness of retrieved information was neither amenable to objective evaluation, nor even necessarily appropriate for evaluation of the components of the information retrieval system itself. Instead, primarily through the influence of Cyril Cleverdon, the director of the Cranfield evaluation projects (Cleverdon, 1967) , relevancewhether, or the degree to which, a document was about the topic of the query -became the basic criterion for successful performance. On the basis of a model of the user of an information retrieval system that came from the experience of science librarians such as Cleverdon, the measures of performance were defined according to the extent to which the information retrieval system was able to retrieve all the relevant documents in the collection, and only the relevant documents, in response to a query put to the system. These measures were known as recall and precision, respectively, and became the accepted measures of performance of information retrieval systems for the next 40 years, especially, but not only, within the community of computer science information retrieval researchers.
The method for obtaining these measures, which has become known as the Cranfield paradigm, is the following. A 'test collection' is constructed, which consists of a collection of documents, a set of descriptions of information 'needs', and an exhaustive evaluation of the relevance of each document to each information need description. Then the system to be evaluated performs the indexing of the collection and the representation of the information need, conducts the search of the collection for each information need, and returns the results of the search. The performance of the information retrieval system is evaluated by computing the recall, the ratio of relevant documents retrieved to the number of documents in the collection that are judged relevant to a query; and the precision, the ratio of relevant documents retrieved to all of the retrieved documents. These values are computed for each information need, and merged across the total set of needs, in order to obtain a measure for the performance of the information retrieval system as a whole, within the constraints of the collection and the information need descriptions. This method has the very special characteristic of being reusable: any system can be evaluated, and the performance of different systems can be compared and replicated. This has led to information retrieval research becoming one of the most stringent evaluative fields of computer science.
Beginning in the mid 1960s, Gerard Salton, first at Harvard University, and subsequently at Cornell University, began perhaps the most influential research program in information retrieval, with a long series of research projects generally subsumed under the rubric of the SMART program (the name given to the basic information retrieval theory and system that Salton proposed and developed). Salton's program (1971) , based on evaluation within the Cranfield paradigm, became the standard against which other research in information retrieval was judged. Without going into detail, we can say that Salton's theoretical understanding of information retrieval, and that of others, including Maron (1965 ), van Rijsbergen (1979 and S. E. Robertson and Spärck Jones (1976) , led research in information retrieval into increasingly technical and computational areas, concerned most specifically with formal models of the information retrieval methods of representation and retrieval, and their implementation in computer-based systems, and away from consideration of issues associated with the interactive aspects of information retrieval.
Three aspects of the Cranfield paradigm and its implementation within the SMART program are especially significant in answering the question with which this section began. One is that the relevance assessments are collected once for each information need, and for each document alone, without reference to any other document. The second is that the evaluation is made of the performance of just the single query that represents each information need. The third is that the model of the user on which the measures are based limits severely their appropriateness for other possible user goals. It is well documented that people's understanding of their information needs changes during the course of an information-seeking episode; their judgments of the usefulness (not topical relevance) of documents depend on which documents they have seen before; their evaluation of the performance of an information retrieval system is based on the information-seeking episode as a whole, and not on the results of a single query; and many of the goals that lead to information-seeking behavior do not require the retrieval of all and only the documents relevant to the search query. Thus the Cranfield paradigm is clearly inadequate for evaluation of information retrieval systems that attempt to support the kinds of interaction mentioned above.
One result of the dominance of the Cranfield or SMART paradigm was the bifurcation of research in information retrieval into two distinct fields, in two distinct disciplines:
1 the study of formal models of information retrieval, and the development and evaluation of systems based on these models, which was called research in 'information retrieval' and took place largely in academic computer science departments; and the study of people's information-seeking behaviors and uses of and interactions with information systems, which was called 'information seeking and use', and took place largely in academic schools and departments of library and information science. Concurrently, the development of operational information retrieval systems proceeded with little attention to research in either of these two areas, focused largely on the technical problems of implementation of large-scale, computer-based information retrieval systems. Such systems had to have an interactive component, and early work in experi mental and operational systems did indeed consider interactive issues, but the dominance of the Cranfield or SMART paradigm relegated such work to the periphery.
The end result of this history of the field of information retrieval was that the term 'information retrieval' was taken to refer only to the non-interactive aspects of the general problem. As a result, when significant attention began again to be paid to the problem as a whole, reuniting the computer science and library and information science approaches, a new term, appropriate to characterizing the study of the interactions of people, information and information retrieval systems, was required. This is why this book is concerned with the issue of interactive information retrieval.
Early operational information retrieval systems and interaction
There are three important sources on this topic, on which we have heavily drawn, and which we recommend for further, more detailed information. They are: Walker (1971), Savage-Knepshield and Belkin (1999) and Bourne and Bellardo Hahn (2003) .
In the beginning . . .
The first large-scale operational (available to some substantial proportion of the public) information retrieval systems were 'batch' or non-interactive systems. The prototype, and earliest of these systems, which was made available in 1964, was the Medical Literature Analysis and Retrieval System (MEDLARS), based on the National Library of Medicine's Index Medicus, a published index of the world's medical literature.
MEDLARS took the basic Index Medicus data, supplemented it with additional indexing of various sorts, put this database on the computer tapes used to produce the printed Index Medicus, and made it available for searching to various medical schools and other organizations in the USA. A complex search language was constructed for MEDLARS to allow on-demand subject searching on this database, although only through submission of requests which were queued at the National Library of Medicine (NLM) for groups of searches against the tapes.
In this system, the only real interactions that took place were between the information specialists at the libraries of the submitting institutions and the information seekers, in query construction, and in the assessment of the bibliography that was returned to the end-user, by the end-user and the information specialist.
Going online
From the early 1960s, various groups were investigating how to provide more direct searching of bibliographic databases than the batch method described above. The general idea was to provide a terminal of some sort that allowed direct searching of the database, with immediate response of the results of the search, allowing some form of interaction among searcher, system and search results. Leading organizations in this work included the System Development Corporation, Lockheed/Dialog, International Business Machines (IBM), the State University of New York (SUNY), the National Aeronautics and Space Administration (NASA), Massachusetts Institute of Technology (MIT), Syracuse University and Stanford.
There were many technical issues to solve in going from batch mode to online searching, and these occupied much of the initial research effort. But even more important, from the point of view of this chapter, was the attention that much of this effort paid to the nature of the interaction between the searcher, now beginning to be considered as the end-user of the retrieved information, rather than the search intermediary, and the system. This aspect of the early research in online systems culminated in a meeting held in 1971 (Walker, 1971 ), which we discuss in some detail in the section 'Human-computer interaction in information retrieval systems' later in this chapter.
Some of this research was concerned with developing the online system as an access point for one database, such as MEDLARS; other research, in particular at System Development Corporation (SDC) and Lockheed, began to consider general system designs that could be applied to collections of bibliographic databases, rather than one single database. SDC's research led to a system called Orbit; Lockheed's led to Dialog, currently one of the largest of such systems.
By the late 1960s, it had become apparent to NLM that, despite the introduction of regional search centers, the batch mode MEDLARS system was inadequate to the demand placed on it, in many ways. This led to collaboration with SDC, in which the Orbit system was modified to suit some specific NLM requirements, resulting in an online bibliographic search system called Elhill. This was the basis of the replacement for MEDLARS, Medline, which combined the local database, the interactive search system, and the TWX telecommunications network into a single whole, and came into operation in 1972.
This development, and concurrent developments at other institutions and companies, led to the first information retrieval systems which supported searcher interaction directly with the search system, and with search results. The basic structure of these systems required substantial knowledge not only of the characteristics of the database and its indexing system(s), but also of the details of a complex search language, of Boolean algebra for the formation of effective queries, and of effective techniques for modifying queries given search results. This led to the creation of a new class of librarians and information scientistssearch intermediaries -and to a somewhat new type of information seeking.
The introduction of the search intermediary resulted in a fairly general practice, which could be described as going something like the following. A client (an information seeker) would fill out a form describing the topic of their inquiry and other related information, such as the type of information they were interested in. This would be given to the search intermediary, at which point one of two things could happen. One was that this description would be taken by the intermediary, who would develop a search strategy and a query based on it, conduct a search based on it, at some later time, and then return the results to the client. This followed rather strongly the original MEDLARS model, and was primarily aimed at making sure that an efficient and technically correct search was conducted. The other course of action was that an appointment would be made for an online search to be conducted jointly by the search intermediary and the client. This search often began with an interaction between the search intermediary and the client to clarify and specify the client's information inquiry, and then was followed by jointly constructing a search strategy and an effective query, engaging in the search strategy, considering the results returned, and then modifying the query (or search strategy) accordingly, until a desired result was achieved. The latter procedure had an interesting parallel to earlier research on librarian-information seeker interaction in special libraries.
In the mid 1960s, Robert Taylor studied the interaction between librarians in special libraries and the information seekers they were attempting to help. In a seminal article for reference practice and interactive information retrieval, he proposed a theory about the formation of queries to information systems, and described, based on his studies of these interactions, what he called the 'filters' that the two parties engaged in when attempting to form an effective query to put to a search system, whether manual or automatic. These five filters, or functions of the interaction, were:
• determining the subject of the information need or inquiry • determining the objective and motivation of the information-seeking behavior • determining various personal characteristics of the inquirer • establishing the relationship between the inquiry description and the file organization and language • determining anticipated or acceptable answers (R. S. Taylor, 1968, 32 ff.).
The education of search intermediaries, which took place largely in schools and departments of library and information science, initially focused largely on technical details of the search systems with which they would interact, how to determine appropriate databases for different search topics, how to formulate effective queries and how to conduct effective and efficient searches. But their education also began to incorporate Taylor's filters as an integral part of joint online searching with the information seeker. Thus, with the advent of online information retrieval systems, explicit interaction among information seeker, information intermediary, and information retrieval system became, if not the norm, then an important set of activities associated with information retrieval system searching. This might be thought of as the beginning of the practice of interactive information retrieval, and continued in this manner well into the 1990s, and is still practiced in some institutions and organizations.
Online public access (library) catalogs
In the early 1980s, libraries throughout the world began a movement from printed and card catalogs of their collections, to so-called online public access catalogs (OPACs). This was foremost a move to become more efficient, and to make use of the existing computerized administrative databases (acquisition and circulation systems primarily) in replacing the expensive and difficult to maintain printed and card catalogs. This was accomplished merely by providing a very basic search interface to one or another of the existing computerized files, which would be accessed by terminals within the library.
An important exception to this general model is the Okapi OPAC, installed and evaluated initially beginning in 1982 at the library of the Polytechnic of Central London (Mitev, Venner and Walker, 1985) . This system was constructed de novo, specifically as an end-user-centered access mechanism, which incorporated relevance ranking of search results based on the probability ranking principle (Robertson, 1977) . The Okapi system was far ahead of its time, in its support for direct end-user interaction, and implementation of probabilistic relevance ranking. Although the technical capabilities of the available hardware and software at the time of its first implementation severely limited Okapi's initial capabilities (it was written in microcode), it became the basis of a long-term research program that has had a significant and lasting impact on information retrieval and interactive information retrieval (Robertson, 1997) .
The advent of OPACs had an important side effect. Since the informationseeking interactions could be logged by the OPACs, it became possible for the first time to undertake unobtrusive, large-scale studies of library catalog use. This initially not so obvious capability became the basis for a large number of studies of OPAC use and searcher behavior.
These early studies of OPACs are significant for several reasons. They represent the first instance of large studies of people's interactions with large-scale bibliographic systems -interactive information retrieval systems. The logs of these interactions provided important insights into patterns of interaction with these systems, some of which were surprising, at least to librarians. Results of early studies (see Cochrane and Markey, 1983 , for a detailed and informative overview of this research, and Borgman, 1986, for an excellent review of OPAC research results) revealed that by and large people conducted subject searching more than known-item searching, contrary to the general view in librarianship that catalog searches were overwhelmingly for known items. Detailed study of the logs was also able to indicate, at least to some extent, why some searches were successful, and others failed. These and related results had novel and important implications for the types of interactive searching that would most effectively support searchers in OPAC environments. This, in concert with some research in the online information retrieval system environment, can be construed as the beginning of serious research in interactive information retrieval.
Another contribution of the OPAC studies lies in the methodology that was used. The seemingly mundane analysis of search logs proved to be extremely valuable in the amount of information about searcher behavior it revealed, and the light it shed on different behavioral patterns of search interactions. Indeed, these early analyses of OPAC logs can be understood as the precursor to present day web log analysis.
Human-computer interaction in information retrieval systems
Perhaps the earliest serious attention given to the interactive properties of information retrieval and especially the interface in information retrieval system design came in 1971, from John Bennett, then a researcher at IBM, in the form of design challenges posed to members of the information retrieval community who gathered to participate in a workshop called The User Interface for Interactive Search of Bibliographic Databases (see Walker, 1971 ). This was the first formal meeting in which the topic of man-machine communication and problems of interface design to support information retrieval interaction were addressed. The call for this workshop came at the time of the development of online bibliographic search systems, and the development of interactive search facilities, as described earlier in this chapter. Bennett was keenly aware of the significant difference for the human searcher between the manual card catalog and its automated counterpart. As he noted, the lack of contiguous display in the document collection of online catalogs created a new searching environment for its users, who previously had firmly held mental models of how to search in the older, physical card catalog system. Bennett found the differences for the human searcher far from trivial, noting, 'A key difference in interactive terminal search is that data is brought to the searcher rather than the searcher going to the data'. In describing the need for a meeting of information scientists who shared an interest in serious study of the user interface, he stated:
There is a clear warning from the history of technology. It is not sufficient to provide a tool with potential if there is no understanding of how that potential can be realized. Many a clever invention has been termed 'before its time' because the inventor did not see how to build a transition from what was known and in use to what was new. (Bennett, 1971, 3) These are the challenges offered by Bennett in advance of the workshop, which participants were instructed to use as points of departure for workshop contributions. To determine:
• characteristics of the searchers served by the facility • the conceptual framework presented to the searcher • the role of feedback to the searcher during searches • operational characteristics of the facility: the command language, display formats and response time • the constraints of the terminal and techniques to ameliorate them • the effects of the bibliographic database on the user interface for searchers • how to introduce the search facility to the user • the role of evaluation and feedback in the redesign cycle. (Walker, 1971, 5-6) Some of the questions that puzzled information scientists during the formative stage of interactive information retrieval development are revealed in the written transcripts of the workshop sessions. For instance, during the session on user needs, feedback and training we see evidence of an emerging concern about the need for, and how to conduct, studies of user interaction with information retrieval systems (Walker, 1971, 273-86) . The framework established by Bennett in 1971 has proven to have enduring value as a model for thinking about the development of newer interactive information retrieval systems. In their review of developments in interactive information retrieval over time, Savage-Knepshield and Belkin (1999) take the 'Bennett challenge' as a guiding framework and organize their review around searcher characteristics, conceptual frameworks and system evaluation metrics in order to examine trends in information retrieval research and development, or how user-system interaction has been treated since the 1960s.
The cognitive viewpoint and conceptual development of interactive information retrieval
Theoretical dissatisfaction with the rather mechanistic formulation of the information retrieval process embodied in the Cranfield experiments gave rise in the early 1970s to greater attention to individual epistemologies, user studies and the inherently interactive nature of information retrieval. Within information retrieval research, attention had been paid early on to characteristics of users that could inform system design; however, the thrust of this research was on evaluating existing systems, rather than taking user data as integral to the design phase. One of the most notable studies in this regard is Lancaster's (1969) MEDLARS evaluation, which represents an early attempt to understand points of failure and satisfaction within existing systems. Although not explicitly a study of interaction during information retrieval, Lancaster's study can be well remembered for its attention to the human dimensions in 'failure analysis' of information retrieval systems.
As information retrieval researchers became more generally accepting of the inherently interactive nature of the information retrieval process, and as information retrieval system designers advanced to the development of enduser systems, greater appreciation of the importance of investigating interaction itself was developed. Static representations of user information needs, as embodied in queries, were increasingly recognized as insufficient representations of user problem states or information needs. Understanding the importance of mental models and how they are shaped and modified during interaction became a formative concern in the development of the cognitive viewpoint; and later, with developments in the emerging field of artificial intelligence (AI), drew attention to how AI techniques could be used to create 'intelligent user intermediaries'. The cognitive viewpoint as a theoretical program substantially influenced information retrieval research centered on the processes of human-human and human-system interaction during the process of information retrieval.
The cognitive viewpoint is one of the central concepts that has guided theory and research in library and information science, first articulated in the mid 1970s and developing greater force since the 1980s. The essence of the cognitive viewpoint in information science is the belief: 'That any processing of information, whether perceptual or symbolic, is mediated by a system of categories or concepts which, for the information processing device, are a model of his [its] world ' (de Mey, 1977, xvi-xvii, and 1980, 48) .
Attention to cognitive processes during the process of information retrieval dates back to research in the 1970s and 1980s when a substantial number of studies focused on users and user-intermediary interaction. Major reviews and critical discussion of this early literature can be found in Ingwersen (1982) , Ellis (1989) , Belkin (1990) and B. L. Allen (1991) . This perspective challenges the notion that 'information' is an objective entity that individuals can 'receive'. Information is to be understood in relation to individual knowledge structures. The importance of understanding a person's knowledge structure through communication during the information retrieval process was recognized in the early work of R. S. Taylor (1968) and of Paisley and Parker (1965) , and later led, as an offshoot of the cognitive viewpoint, to attention to building better user models during this process. The importance of individual-level knowledge structures is the basis of Belkin's (1980) anomalous state of knowledge (ASK) model, which posited that people engage in information seeking when they recognize some anomaly in their knowledge state that prevents them from accomplishing some desired goal. Similarly to R. S. Taylor (1968) , Belkin argues that the effective resolution of an information anomaly requires effective communication, or information interaction, between the information seeker and the information resource. In order for these information interactions to be effective, both parties to the interaction must share mental models of each other -be in a state of intersubjective alliance. According to this model, the function of the intermediary, or intermediary mechanism, is to build up an adequate model of the user's ASK, desired goals and intentions and to help the user form an adequate model of the information resource.
In his 1999 ARIST review of cognitive information retrieval, Ingwersen divides the development of the cognitive approach into two distinct time periods. The early period (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) was concerned primarily with understanding and modeling the different knowledge structures among users, authors or creators of information texts, and intermediaries. The latter period (from 1992 onwards) was focused more on investigating, understanding and supporting interaction in information retrieval. Generally speaking, the cognitive viewpoint is centrally concerned with the effectiveness of building and sharing, through interaction, common mental models between interactants.
From 1975 to 1981, several landmark studies of user-intermediary-system interaction were conducted in Danish public library settings with no online facilities. Ingwersen's (1982) investigation of search procedures used by users and librarians is notable here. In this three-part analysis, librarians were first given written statements of user problems and asked to articulate how they would address them, in order to reveal the cognitive aspects of intermediary functionality. Next, real library users were asked to 'think aloud' during their search for information related to their problem, here with the goal of observing cognitive aspects of users' interactions with the information system and selfrepresentations of their problem statements during consultations with librarians. Third, the user-librarian interaction was recorded to compare the search procedures used by librarians when given the written problem statement with those that were the result of negotiations with the user. This study was one of the first to identify some of the cognitive problems users and intermediaries face in coming to common understandings about the user's problematic situation, and the communication processes that are instrumental in this process. Although originally conducted with the purpose of improving education and practical training for librarians, the results have been instrumental in advancing the cognitive viewpoint theoretically and empirically by specifying design principles for intelligent intermediary functionalities. For a review of the early research on user-intermediary interaction and its role in the development of the cognitive viewpoint and principles of interactive information retrieval, see Ingwersen (1992 Ingwersen ( , 1999 .
The Bookhouse retrieval system, and the research it was based on, was developed in Denmark by Pejtersen (1980) who conducted one of the first investigations of user-librarian-system interactions in the realm of fiction retrieval. Dialogues between users and librarians were recorded and analysed for dimensions around which users desire to retrieve fiction and the interaction strategies they typically used. Some of the dimensions she uncovered were 'time/place setting', 'main character', 'ending', 'emotional experience', 'author intention' and 'front cover colour'. Based on this research Pejtersen (1986) designed a classification scheme for fiction and implemented it in the first faceted fiction information retrieval system. The Bookhouse system was also designed to support the five interaction strategies that had been identified in previous research: browsing, known item searching, analytical searching on one or more of the facets, empirical searching based on user profiles, and similarity searching (Pejtersen, 1979) . During the 1980s Bookhouse was an operational system in Danish public libraries.
The cognitive view had a strong influence on the development of experimental interactive information retrieval systems at a time when operational information retrieval systems were incorporating more interactive function alities designed to serve end users. One of the first of these experimental information retrieval systems was THOMAS, developed by Oddy (1977) . THOMAS was designed to engage users in a dialogue about their information problem, through a process of browsing through the collection, looking at one document at a time and conveying judgments about various aspects of the documents to the system. These dialogues were designed to help users with ill-defined information problems and users for whom browsing is likely to be more effective than specified searching. THOMAS is notable for being the first interactive information retrieval system to engage users directly with texts, and to base user-system interaction around feedback resulting from this interaction. In the 1980s there was a movement to develop so-called 'expert intermediary' interfaces to online information retrieval systems, whose goal was to simulate some of the functions performed by human search intermediaries. The first such systems were primarily concerned with emulating the technical expertise of the search intermediary: logging on to online systems, supporting the construction of 'correct' Boolean search formulations (an extremely important and still difficult problem), and similar issues. But there was also a move to simulate more complex aspects of the human intermediary, such as R. S. Taylor's (1968) filters. Further research had the goal of modeling the functions of human search intermediaries, and to incorporate them into the design of expert systems. A problem with this approach was the extreme complexity, difficulty and uncertainty associated with such modeling, as pointed out by Spärck Jones (1988). Furthermore, it became increasingly obvious that a more effective and parsimonious approach would be to enhance the ability of the searcher to interact directly with the information objects in the information retrieval system, and for the information retrieval system to use the results of observation of such interaction to support further interaction, as was already suggested by Oddy's work.
Other research at the time considered how to design a system that would help searchers who had difficulty during a search. Perhaps the earliest and most thorough and significant of these studies was conducted by Meadow, Hewett and Aversa (1982a, 1982b) , who attempted to discover 'error patterns' in online searches, and then to offer suggestions to the searcher on how to correct their mistakes. This study was conducted in a live operational environment, but unfortunately was unable either to identify such patterns, or to provide suggestions that the searchers would take up. This was, nevertheless, the beginning of a continuing line of research in how to support searchers in their interactions with information retrieval systems, and, in particular, in providing effective help.
For a more comprehensive review of interactive information retrieval systems that were designed and investigated during the early phase of development in the cognitive viewpoint, see Savage-Knepshield and Belkin (1999) .
Conclusion
The early history of interactive information retrieval is one of many different strands, some positive, some not so positive, such as the split in the experimental and research community between computer science and library and information science in the study of information retrieval systems. Much of the early research that provided the basis for interactive information retrieval came not so much from the research community, but from the operational information retrieval community, which in turn set out, in Bennett's challenge, the basis for a new research program in interactive information retrieval. Later, more theoretically oriented research, often related to the cognitive viewpoint, led to new ways in which to conceptualize and investigate interactive information retrieval. Today the interactive information retrieval paradigm is one of the guiding frameworks in information retrieval research, with some evidence suggesting there has been a reconciliation of the computer science and library and information science approaches within this framework.
Note

